Long-term neurological sequelae were analyzed in 40 patients (24 adults and 16 children) who survived a brain abscess with surgery. Median follow-up was 6 years. The brain abscesses were secondary to hematogenous spread, sinus and mastoid infections, and trauma. Hemiparesis, seizures, visual defects, and learning problems (in children) were the most common sequelae observed. Abscess location played a significant role in determining sequelae. Only two of 16 patients with frontal polar and temporal lobe abscesses had unsatisfactory long-term results, while eight of 16 individuals with abscesses near the sensorimotor strip were left with permanent unsatisfactory neurological sequelae.
S
EVERAL prior reports ~'3'~'~'s have appeared concerning neurological sequelae following the occurrence and treatment of a brain abscess. Neurological defects most frequently noted include seizures, paresis, and visual field defects. One study s has analyzed the occurrence of seizures in detail, but most reports have dealt in rather general terms with post-abscess deficits. We are presenting a detailed analysis of the long-term neurological residua in 16 children and 24 adults who survived after the successful surgical treatment of a brain abscess. Abscess location and patient age influenced the observed residua and these factors are discussed.
Clinical Material and Method
From 1946 through 1965, 86 patients with brain abscess were seen at the University of Minnesota Hospitals? Four etiological groups were established:
Group 1 (33 patients).
Metastatic or hematogenous brain abscess in otherwise normal individuals.
Group 2 (20 patients).
Metastatic or hematogenous abscess in cyanotic individuals having right to left shunts because of congenital heart defects (CHD) or pulmonary arteriovenous (A-V) fistula.
Group 3 (25 patients).
Brain abscess sec-ondary to sinus or mastoid infections. Group 4 (8 patients) . Abscess consequent to trauma or osteomyelitis of the skull.
Forty-six patients died; 13 deaths were postoperative and 33 due to other causes? Forty patients survived following surgery; 24 were adults, and 16 were children ranging in age from 6 months to 15 years. The distribution of etiological abscess types among the survivors is given in Table 1 .
Follow-up studies were obtained in all 40 survivors, by outpatient evaluations at the University of Minnesota Hospitals and questionnaires sent to the patient, his family, and local physician. Postoperative survival ranged from 3 to 240 months, with a 72-month median follow-up interval. Both adults and children were evaluated for their general emotional and mental status, specific neurological defects, and seizures. In the absence of formal psychometric studies, results concerning emotional and mental states are qualitative in nature. For children, scholastic ability was also evaluated while adults were appraised for ability to carry out their usual vocations. School status is not comparable to work status since some children were able to function well in school despite handicaps such as hemiparesis or seizures which would limit their vocations later in life. Work status was generally determined by residual hemiparesis and much less by emotional, psychological, or learning difficulties. Table 2 presents a generalized listing of post-abscess neurological deficits seen in the survivors. A more detailed analysis of major post-abscess neurological residua in the 16 children and the influence of abscess location Tables 3 and 4 , and an analysis of the work performance and emotional status of the 24 adults is given in Tables 5 and 6 .
Results

Analysis of 16 Pediatric Survivors
Scholastic Ability. Most children were able to continue with school, but two-thirds had subsequent scholastic difficulties ( Table  3) . Six of the eight children with school difficulties had a dominant hemisphere parietal or temporal lobe abscess. Few children with brain abscess were damaged severely enough to become uneducable.
Emotional and Personality Estimation. Post-abscess emotional status and personality changes among the children were estimated informally by the child's parents and family physician, who noted the child's overall ability to cope with himself and his reactions to the environment as compared with his siblings or children of comparable age and situation. Whereas over one-half of the children did develop deficits consequent to the abscess or its neurological residua, most did not have drastic personality changes (Table 4 ). Only two children had incapacitating emotional changes.
Hemiparesis. Seven of the 16 children were left with hemiparesis, and in six this defect was severe. All but one had hematogenous abscesses located about the motor strip. The exception was a boy with a traumatic right temporal lobe abscess whose right middle cerebral artery was injured during abscess excision.
Seizures. Six of the 16 surviving children (38%) developed seizures. Three had focal and three had generalized seizures. No child's seizures were fully controlled with medications. Two children had occasional seizures, and four had severe seizures despite medications.
Over-all Estimation of Post-Abscess Status in Children. Integration of the above parameters revealed that only 10 of the 16 surviving children had satisfactory long-term neurological results (no or slight neurological sequelae). The majority of children achieving a good neurological status had abscesses secondary to sinus or mastoid infection. Five of six children with serious longterm sequelae had hematogenous abscesses.
Analysis of 24 Adult Survivors
Vocational Ability. Twenty-one, or 87%, of the adult survivors were able to continue working normally or with only slight disabilities such as visual field defects or minimal hemiparesis ( Table 5) . Two of the three adults unable to work normally were limited by hemiparesis while the third was ataxic following a cerebellar abscess.
Emotional and Personality Status. Emotional stability of adult survivors was estimated in an informal way by the patient's family and local doctor. Twenty-three of the adults (96%) showed little or no personality impairment secondary to their abscess or neurological residua (Table 6) . No adults had incapacitating personality impairments.
Hemiparesis. Three patients were left with moderate paresis while four had only minimal weakness. Five of the seven paretic adult survivors had hematogenous abscesses.
Seizures. Seven of the 24 adults (29%) developed seizures. In three the seizures were focal, and in four they were generalized, but in none were the seizures incapacitating. Two patients had seizures entirely controlled by medications, and the other five patients had only occasional seizures under appropriate medication. (Table 7) . Comparisons between these two series are difficult because of the criteria used to evaluate the post-abscess state. In Garfield's series, 88% of abscess survivors were well enough to "return to their normal life." If it be assumed that patients with moderate neurological defects in Kerr's series were generally functional, then 84% of the patients in his study were also probably able to "return to normal life." Similarly, 87 % of the adults in the present series were able to resume work with minimal or no disability (Table 5 ).
Sixteen percent of the survivors in Kerr's series and 12% of Garfield's patients were significantly disabled. Whether those disabled were children or adults is not indicated in either report. In our series, no adults but two of 14 children were totally disabled.
Two additional studies by Northcroft and Wyke s and Krayenbiihl ~ have assessed specitic neurological dysfunctions among brain abscess survivors (Table 8) . Comparison between these two series is not easy because of dissimilar listing of neurological residua. Specific neurological parameters assessed in the present series correspond to those of Northcroft and Wyke. Data derived from our study (Table 2 ) and the above reports indicate that approximately one-fifth to onethird of the patients who survive their brain abscess may be asymptomatic after surgery and recovery. Seizures, visual field defects, hemiparesis, and mental difficulties were the most commonly observed sequelae. In our series, field defects were not disabling but the hemiparesis often was. Dysphasia was a relatively uncommon post-abscess disorder in all series. The incidence of post-abscess seizure in 32% of our patients is somewhat less than the 45% to 55% incidence observed by several other authors. '-c, 8 What the data above do not indicate, however, is the importance of abscess location on observed long-term sequelae and the qualitatively inferior neurological status seen among surviving children. Frontal polar and temporal lobe abscesses secondary to sinus and mastoid infection were generally followed by a good neurological status. Only two of 16 patients with such abscesses had unsatisfactory long-term results. On the other hand, eight of 16 patients who survived posterior frontal and parietal lobe abscesses in the sensorimotor area were left with a permanent, unsatisfactory neurological status. Hematogenous abscesses characteristically occur in this location, and in children, particularly, these lesions are associated with incapacitating neurological residua such as hemiparesis or learning defects.
Analysis of our data indicates a difference in the quality of survival between children and adults which is independent of the abscess etiologies and cerebral locations. Half of both child and adult survivors had hematogenous abscesses located near the sensorimotor strip, while 44% of the children and 37 % of adults had frontal polar or temporal abscesses secondary to sinus/mastoid infections. These differences are summarized in Table 9 . After all of the factors above are considered, 19 of 24 adults (80%) attained a satisfactory long-term neurological status, but only 10 of 16 children (63%) had a similar outcome.
Adults with impaired recovery were neu- rologically more intact than children with similar residua. Hemiparesis occurring in adults was milder, and significant emotional or personality changes were rarely seen. Post-abscess seizures in children were more severe than in adults and under poorer control with anticonvulsants. Mental difficulties, particularly manifested by learning deficits, were often seen in children. The two patients who required institutionalization were younger than 5 years. Reasons for the increased severity of neurological and psychological residua among younger individuals in this study are unclear. Some authors 7,~ have reported an increased incidence of serious neurological sequelae in children following meningitis, and possibly the young and developing nervous system is more susceptible than the adult brain to damage from infection and increased intracranial pressure.
These observations have another significance. If the postoperative neurological state is used to evaluate various types of surgical therapy, then surgical treatments under study must be matched for patient age and abscess location. Adults will usually have less residua than children. Patients surviving frontal polar or temporal lobe abscesses due to sinus or mastoid infection will probably have fewer neurological complications, whatever the form of surgical therapy, than those with a hematogenous abscess near the sensorimotor strip.
Summary
Long-term neurological sequelae were analyzed in 40 patients who survived a brain abscess with surgery. These survivors included 24 adults and 16 children. The median follow-up interval was 72 months. The most common deficits observed were hemiparesis, seizures, visual field defects, and learning problems in children.
Abscess location generally determined the neurological deficit. Only two of 16 frontal polar or temporal abscesses were associated with serious sequelae, but eight of 16 patients with abscesses near the motor strip were left with unsatisfactory neurological results. Eighty percent of the adults but only 63% of the children had satisfactory Ionglerm results. In general, all neurological sequelae were more severe in children.
If long-term neurological results are to be used to evaluate different forms of surgical treatment, the therapies under evaluation must be matched for abscess location and patient age.
